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Abstract

Purpose—Chemoradiotherapy is the standard of care for unresectable stage 111 non-small cell
lung cancer (NSCLC). Elderly patients, who are often considered unfit for combined
chemoradiotherapy, frequently receive radiation therapy (RT) alone. Using population-based data,
we evaluated the effectiveness and tolerability of lone RT in unresected elderly stage 111 NSCLC
patients.

Methods and Materials—Using the Surveillance, Epidemiology and End Results (SEER)
registry linked to Medicare records we identified 10,376 cases of unresected stage 111 NSCLC that
were not treated with chemotherapy, diagnosed between 1992 and 2007. We used logistic
regression to determine propensity scores for RT treatment using patients’ pre-treatment
characteristics. We then compared survival of patients who underwent lone RT vs. no treatment
using a Cox regression model adjusting for propensity scores. The adjusted odds for toxicity
among patients treated with and without RT were also estimated.

Results—Ouverall, 6,468 (62%) patients received lone RT. Adjusted analyses showed that RT
was associated with improved overall survival in unresected stage 11l NCSLC (hazard ratio [HR]:
0.76; 95% confidence interval [CI]: 0.74-0.79) after controlling for propensity scores. RT treated
patients had an increased adjusted risk of hospitalization for pneumonitis (odds ratio [OR]: 89,
95% CI: 12-636), and esophagitis (OR: 8, 95% CI: 3-21).

Conclusions—These data suggest that use of RT alone may improve the outcomes of elderly
patients with unresected stage 11l NSCLC. Severe toxicity, however, was considerably higher in
the RT treated group. The potential risks and benefits of RT should be carefully discussed with

eligible elderly NSCLC patients.
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Background

Methods

In the United States, approximately 40% of new non-small cell lung cancer (NSCLC) cases
present with locally advanced, stage 111 disease.[1] Many of these cases, including those
staged I11A with mediastinal (N2) lymph node involvement or with stage 111B disease, are
considered inoperable. Concurrent platinum-based chemotherapy and radiotherapy (RT) has
been associated with the greatest survival benefits in these patients.[2, 3] However, RT is
still frequently administered alone, without chemotherapy, to elderly patients who are not
candidates for dual modality therapy. Although increasing evidence suggests that elderly
NSCLC patients tolerate chemotherapy well, guidelines suggest considering lone
radiotherapy in patients with unresected stage |11 disease and performance status >2. [4, 5]

Long-term survival associated with RT monotherapy in inoperable stage 111 NSCLC is poor,
estimated at around 5%.[2] Goals of RT in this setting are to improve symptoms associated
with advanced lung cancer as well as potentially extend patient survival. Data exist
demonstrating improvement in symptoms with RT alone[6, 7], however, mortality benefits
are less clear. No randomized control trials (RCTs) comparing modern RT to placebo in
locally advanced NSCLC have been performed. Several RCTs have evaluated survival in
RT administered without chemotherapy by comparing different radiation schedules and
dosing intensities. A systematic review published in 2008 reported mixed results, with some
trials demonstrating survival benefits associated with intensive RT dosing and others finding
no mortality benefits.[7]

RT can be associated with severe toxicities including pneumonitis and esophagitis, and also
rarely cardiac and spinal cord toxicity.[8, 9] Elderly patients may be at higher risk of RT-
mediated toxicity because of a greater burden of comorbid illnesses and reduced functional
organ reserve.[10, 11] There is limited data from clinical trials regarding RT related toxicity
in the elderly and therefore few conclusions can be made regarding tolerability.

In this study, we used nationally representative data to evaluate the potential survival
benefits and adverse events associated with lone RT in inoperable, elderly stage 11l NSCLC
patients.

Our study used data from the Surveillance, Epidemiology, and End Results (SEER) registry
linked to Medicare claims. From this database we identified all cases of primary stage 11
NSCLC diagnosed prior to autopsy in patients age >65 years between 1992 and 2007. We
defined patients as “elderly” if they were older than age 65, as this age criteria has been used
in many previous cancer studies, and also as this specific age group (age >65 years) has been
underrepresented in oncology clinical trials.[12] We limited our study cohort to patients who
were not considered candidates for resection including stage I11A cases with N2 lymph node
disease or stage I11B according to the Tumor, Node, Metastases, 7t edition classification.
[13] We then excluded cases treated with surgical resection or that received any form of
chemotherapy. We also excluded patients who died within 4 weeks of their cancer diagnosis
and those who were residing in nursing homes or enrolled in hospice care as they would
have been unlikely to receive RT. Our final analytic sample included 10,376 patients.
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Sociodemographic variables (age, sex, race/ethnicity, and marital status) and tumor
characteristics (location, size, stage, and histology) were obtained from SEER. Income was
estimated based on patients’ census data or zip code provided in Medicare. Using Medicare
data, we calculated modified Charlson scores to quantify patients’” burden of comorbid
illnesses. Data on patients’ diagnostic evaluation including use of mediastinoscopy and
positron emission tomography scanning were collected from Medicare claims files. We
identified Medicare claims for home health care, which we used as a marker for poor
functional status, as only homebound patients are eligible for these services.

We ascertained treatment with RT using SEER data and Medicare claims. A patient was
coded as having received RT if SEER data indicated use of external beam radiation or if
Medicare inpatient, outpatient or physician claims were consistent with RT administration.
[14] Complexity of radiation was ascertained from Medicare claims. RT complexity refers
to the number of portals and volumes of interest used in setting a radiation field as well as
the complexity of the planning scheme (i.e. simple two-dimensional techniques for “simple”
and “intermediate” complexity, versus three-dimensional (3D) reconstructions for
“complex” planning schemes.) We used the following categorizations: “simple” (simulation
and planning of a single treatment area with either a single portal or parallel opposed portals;
Current Procedural Terminology-4 [CPT] codes 77261 and 77280), “intermediate”
(simulation and planning involving three or more portals or two separate treatment areas
with multiple blocks; CPT-4 codes 77262 and 77285) and “complex” (simulation and
planning involving tangential portals, three or more treatment areas, rotation or arc therapy,
complex or custom blocks and/or 3D reconstructed imaging using CT or MRI data or
intensity-modulated RT; CPT-4 codes 77263, 77290, 77295 or 77301).[15, 16]

We used a published algorithm to find episodes of serious esophagitis and pneumonitis
requiring hospitalization related to RT administration.[17] Survival time was calculated
using the date of cancer diagnosis until the date of death or loss to follow-up. Overall
survival analyses used Medicare death data and were censored on December 31, 2009. Lung
cancer-specific survival analyses were censored on December 31, 2007. Data on cause of
death was collected from SEER based on International Classification of Disease 9™ Edition
diagnostic codes.

Statistical Analysis

We compared baseline characteristics of patients treated with lone RT to untreated
individuals using the chi-squared test. Overall survival (OS) and lung cancer-specific
survival were compared in those who received RT to those who did not using Kaplan-Meier
methods.

Propensity scores for treatment with RT alone were generated using a logistic regression that
included sociodemographic characteristics, comorbidity score, use of home health services,
diagnostic tests, and tumor characteristics as covariates.

To assess the adjusted association of RT administration and prognosis, we used Cox
regression with OS or lung cancer specific-survival as outcomes, adjusting for propensity
scores. To confirm our findings, we used Cox models stratified by propensity score quintiles
and marginal Cox models for correlated data, matching patients treated with and without RT
by their propensity score.[18] We performed secondary analyses stratifying the sample by
stage (I1A vs. I1IB) and RT complexity (intermediate vs. high complexity). Additionally we
conducted analyses adjusting for year of diagnosis to control for potential temporal changes
in the outcomes of patients with lung cancer.
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We used logistic regression to calculate unadjusted odds of severe adverse events in patients
treated with RT, and then adjusted these analyses for propensity scores. We also compared
rates of severe adverse events by level of RT planning complexity using logistic regression.

Based on the number of deaths observed among patients in the cohort, we estimated that the
study had an 80% power to detect a hazard of death associated with RT of approximately
0.94 at a 0.05 significance level. All analyses were performed in SAS version 9.2 (SAS,
Cary, NC). This study was approved by the Mount Sinai Institutional Review Board
(Approval 07-0091).

Overall, 62% (n=6,468; 95% confidence interval [CI]: 61-63) of elderly patients in our
sample were treated with lone RT. Patients treated with RT were more likely to be male
(p=0.003), married (p=0.0003), white (p=0.03) and living in higher income areas (p=0.04;
Table 1). Tumors treated with RT tended to be larger in size (p<0.0001), located in the upper
lung lobes (p<0.0001), and of squamous cell histology (p<0.0001). Patients receiving RT
also had lower co-morbidity scores (p=0.0001). The distribution of covariates was well
balanced after adjustment for propensity scores (Table 1). Median follow-up was 9 months
(Interquartile range [IQR]: 4 — 17 months) for patients treated with lone RT and 8 months
(IQR: 3-18 months) for patients who received no treatment.

The median OS for patients receiving RT was 9.0 (95% CI: 8.7-9.3) months compared to
7.0 (95% CI: 6.6—7.4) months for untreated patients. Kaplan-Meier analyses showed
improved overall (p<0.001) and lung-cancer specific survival (p=0.005) in the entire cohort
as well as with both stage I11A and stage 111B NSCLC cases.

In analyses including all stage I11 patients, RT was associated with an improvement in
overall (hazard ratio [HR]: 0.87; 95% CI: 0.83-0.91) and lung cancer-specific (HR 0.90;
95% CI: 0.85-0.93) survival in propensity score adjusted models (Table 2). A similar
benefit was noted in models stratified by propensity score quintiles as well as a propensity
score-matched analysis, and in analyses adjusted by year of cancer diagnosis. Results of
confirmatory analyses and analyses stratified by RT planning complexity were similar.
Analyses comparing patients receiving intermediate complexity planning to those not
receiving RT showed no overall (HR 1.05; 95% CI: 0.99-1.11) or lung cancer-specific (HR
1.02; 95% CI: 0.97-1.09) survival benefit associated with RT. Conversely, high complexity
RT planning was associated with a significant improvement in both overall (HR: 0.83; 95%
ClI: 0.76-0.90) and lung cancer-specific (HR 0.87; 95% CI: 0.79-0.95) survival. Analyses
stratified by tumor stage revealed an OS benefit associated with RT in stage I11A (adjusted
HR 0.83; 95% CI: 0.78-0.88) and stage I11B (HR 0.90; 95% CI: 0.85-0.96) disease.

RT was associated with severe adverse events leading to inpatient hospitalization (Table 3).
Patients treated with RT were significantly more likely to experience pneumonitis (2.2% vs.
<1%; adjusted odds ratio [OR]: 88, 95% CI: 12-636) and esophagitis (1.1% vs. <1%;
adjusted OR: 8, 95% ClI: 3-21). When comparing intermediate versus high complexity
regimens, no significant difference was noted in rates of pneumonitis (3.3% vs. 3.5%;
p>0.05) or esophagitis (1.5% vs. 1.9%; p>0.05).

Discussion

In patients with stage 111 NSCLC, RT is often administered alone to elderly individuals who
are not considered candidates for combined chemoradiation. There is limited evidence
demonstrating a direct survival benefit associated with RT alone in these patients,
particularly using newer modalities. In this population-based study, we found that RT use
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was associated with a modest survival benefit, and that this benefit was limited to patients
treated with high complexity regimens. RT treatment was also associated with an increased
risk of serious adverse events. While these findings should be interpreted with caution given
the possibility of selection bias, they suggest that increased use of RT alone may improve
survival of elderly patients with stage 111 disease who are not candidates for combined
chemoradiation.

A single RCT from the 1960s has been conducted comparing RT to no treatment in
inoperable NSCLC, finding no significant survival benefit associated with RT.[19] Since
then, RT techniques have evolved from simple, one-dimensional planning to two-, and
three-dimensional techniques and more recently, intensity modulated RT. However, no
RCTs exist evaluating the potential effectiveness and tolerability of newer RT techniques
compared with no treatment. A number of clinical trials of lone RT therapy have
randomized patients to different dosing schedules and intensity; a survival benefit has been
observed in some of these trials associated with higher RT doses or more frequent
administrations, but improvements in mortality have not been consistent between trials.[20-
22] Moreover, clinical trials evaluating the effectiveness of different RT regimens have
included younger NSCLC patients, limiting generalizability of these data to the elderly. One
retrospective single-center study has reported their experience with elderly patients with
unresectable stage 111 NSCLC and found a significantly increased survival with higher doses
of RT.[23]

Combined chemotherapy and RT is the preferred treatment in unresectable NSCLC. The
European Organization for the Research and Treatment of Cancer conducted the largest trial
comparing chemoradiotherapy to lone RT in inoperable NSCLC and found a significant
survival benefit associated with the use of concomitant platinum chemotherapy with RT.[24]
A Cochrane meta-analysis pooling data from nine trials has confirmed these results.[25]
These trials support the use of dual modality therapy in appropriate candidates, but provide
limited information to guide use of combined chemoradiation in older patients. However, a
recent RCT of chemoradiation vs. RT in elderly patients demonstrated that dual modality
therapy was relatively well tolerated and associated with a survival benefit.[3] Elderly
patients considered to be ineligible for chemotherapy are likely to be frail or to have a
limited performance status, thus it is unlikely that future randomized trials of RT
monotherapy will be performed in this patient group. Lung cancer is a disease of the elderly;
the mean age at NSCLC diagnosis is 70, and the majority of cases are inoperable on
discovery. Thus, our study helps inform clinical decision making for a large number of
elderly patients whose clinical characteristics have been underrepresented in clinical trials.

In analyses where we evaluated the effects of RT stratified by level of planning complexity,
we found a significant survival benefit with high complexity regimens but no clear
improvement in survival in patients who underwent intermediate complexity planning.
These findings are consistent with a previous study of SEER-Medicare data that found
improved survival with increasing levels of RT complexity in stage 111B NSCLC patients
treated with chemoradiotherapy.[15] Similarly, higher complexity RT regimens have been
shown to lead to markedly improved outcomes in inoperable early stage NSCLC.[26]
However, no RCT data exists comparing the impact of RT complexity on clinical outcomes
of patients with lung cancer. Our study provides additional evidence that newer, more
complex planning and simulation RT techniques lead to better lung cancer outcomes.

We found that patients who received RT were more likely to experience severe adverse
events requiring hospitalization, including esophagitis and pneumonitis. Despite the
markedly enhanced risk for these complications in RT treated patients, the overall rates of
esophagitis and pneumonitis leading to hospitalization were low. This finding is consistent
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with a case series of 48 inoperable elderly NSCLC patients, which reported no episodes of
significant pneumonitis or esophagitis.[23] Thus, the benefits of RT appear to outweigh the
potential negative impact of treatment on the quality of life of elderly stage 111 NSCLC
patients. However, additional data is needed to fully assess the extent of the effect of RT on
the quality of life of these patients, including the need for multiple treatment visits and the
impact of less severe toxicity causing pain and discomfort but not requiring hospitalization.

A strength of this study is the use of a large, nationally representative sample with long-term
follow-up. The patients included in the cohort represent a diverse group of elderly NSCLC
patients, as opposed to many smaller case series from single institutions. These data reflect
treatment outcomes in “real world” patients, providing a different perspective from clinical
trials.

A limitation of our work was the use of observational data to assess the potential benefit of
RT alone in the elderly. Patients in our cohort were assigned to RT or no treatment based on
patient characteristics, physician recommendation, and patients preferences, creating
unbalanced comparison arms. The impact of these factors on prognosis potentially
confounds the observed effects of RT on survival. To minimize bias, we used propensity
scores, generated by measured baseline patient and tumor characteristics. Although this
methodology can help to account for some factors that may have affected the decision to
administer RT, it cannot adjust for unmeasured confounders. However, our analyses showed
that the beneficial effect of RT was limited to patients treated with high complexity planning
suggesting that our results are not due to selective use of RT among patients with favorable
prognostic factors. We also could not adjust for RT dose, as this data is not available in
SEER-Medicare. Thus, our analytic plan mimics an intent-to-treat analysis, by comparing
patients treated with and without RT, regardless of the total dose received. A further
limitation of our study is that we had no formal classification of radiotherapy associated
toxicities, although we used a previously published method for identifying toxicities serious
enough to require hospitalization. This method has been suggested as a standardized way of
evaluating cancer treatment toxicities, as hospitalization is likely to represent pneumonitis
and esophagitis grade three or worse. Furthermore, treatment toxicities are under-reported
outside of rigorous clinical trials, necessitating alternative methods for ascertaining these
important outcomes.[17]

In summary, RT mono-therapy is frequently used to treat inoperable elderly stage 111
NSCLC patients who are not candidates for aggressive chemoradiotherapy. These data
suggest that RT is associated with improved survival in this population despite increased
risks of toxicity. Although results from RCTSs are needed to confirm these results, physicians
should discuss the potential risks and benefits of this therapy with their elderly stage 111 lung
cancer patients.
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Table 1

Baseline Characteristics of Unresected Stage |11 Elderly NSCLC Cohort Treated with and Without
Radiotherapy.

Characteristic Radiation Therapy (N=6,468) No Treatment (N=3,908) Puaue
Unadjusted  Adjusted”
Age, years, n (%) 0.07 0.7
<69 1,619 (25) 908 (23)
70-75 2,167 (34) 1,306 (33)
>75 2,682 (41) 1,694 (44)
Female, n (%) 2,534 (39) 1,645 (42) 0.003 0.9
Race, n (%)
White 5,085 (78) 2,983 (76) 0.03 0.9
African American 650 (10) 434 (11)
Hispanic 291 (5) 214 (6)
Other 442 (7) 277 (7)
Marital Status
Married 3,521 (54) 1,985 (51) 0.0003 0.9
Estimated Median Income, n (%)
Highest three quartiles 4,786 (74) 2,807 (72) 0.04 0.9
Lowest quartile 1,682 (26) 1,101 (28)
Tumor Location, n (%)
Upper lobe 3,823 (59) 2,109 (54) <0.0001 0.9
Middle lobe 222 (3) 150 (4)
Lower lobe 1,328 (21) 903 (23)
Other 1,095 (17) 747 (19)
Tumor Size, (mm), n (%)
<20 398 (6) 443 (11) <0.0001 0.9
21-30 680 (11) 537 (14)
31-50 1,645 (25) 944 (24)
51-70 1,098 (17) 514 (13)
>70 820 (13) 399 (10)
Unknown 1,827 (28) 1,071 (28)
Stage
A 3,196 (49) 1,942 (50) 0.78 0.9
B 3,272 (51) 1,966 (50)
Histology, n (%)
Adenocarcinoma 1,866 (29) 1,636 (41) <0.0001 0.9
Squamous cell carcinoma 3,201 (49) 1,472 (38)
Large cell carcinoma 521 (8) 267 (7)
Other 880 (14) 533 (14)
Charlson Comorbidity Score, n (%)
<1 3,991 (62) 2,214 (57) <0.0001 0.9
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P-value
Characteristic Radiation Therapy (N=6,468) No Treatment (N=3,908)
Unadjusted  Adjusted”
1-2 1,344 (21) 785 (20)
>2 1,133 (18) 909 (23)

*
Adjusted for propensity score
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Table 2

Adjusted Analysis for Risk of Death for Elderly Patients with Unresected Stage 111 NSCLC Treated with and
without Lone Radiotherapy

Overall Survival L ung Cancer -specific Survival

Analyses Hazard Ratio” ~ 95% Cl Hazard Ratio" 95% Cl
All Stagelll

Adjusted model 0.87 0.83-0.91 0.90 0.85-0.93

Stratified by propensity score quintiles 0.86 0.83-0.90 0.88 0.84-0.93

Matched propensity score model 0.89 0.85-0.93 0.90 0.86-0.95

Radiation complexity planning

Intermediate 1.05 0.99-1.11 1.02 0.97-1.09

Complex 0.83 0.76-0.90 0.87 0.79-0.95
StagelllA

Adjusted model 0.83 0.78-0.88 0.86 0.80-0.92

Stratified by propensity score quintiles 0.83 0.78-0.88 0.85 0.80-0.91

Matched propensity score model 0.83 0.77-0.88 0.87 0.81-0.94

Radiation complexity planning

Intermediate 1.02 0.94-1.10 1.02 0.93-1.11

Complex 0.82 0.73-0.93 0.86 0.76-0.98
StagelllB

Adjusted model 0.90 0.85-0.96 0.92 0.86-0.98

Stratified by propensity score quintiles 0.89 0.84-0.95 0.91 0.85-0.97

Matched propensity score model 0.96 0.90-1.03 0.95 0.89-1.03

Radiation complexity planning

Intermediate 1.07 0.99-1.16 1.03 0.95-1.12

Complex 0.83 0.73-0.93 0.87 0.76-0.99

*
Hazard of death for patients treated with lone RT versus no RT

CI: Confidence interval

Lung Cancer. Author manuscript; available in PMC 2014 November 01.



Page 12

Sigel et al.

NIH-PA Author Manuscript

JeAlalul 8oUBpIIUOD (1D Adesayiolpey (1Y

Aujenuspiyuod juaired 1oy pajiodal Jou sisquinu u%xmx

8102s Ausuadoud 1oy parsnipy
*

(9'0z-€€) €8 (9'0z-€€) €8 4 D115 (17 89 sibeydos3

(1'959-7'2T) 8'88 (96T9-6'TT) 8'58 4 (15115 (z2) 6ET sHuownaud
LYON 14

(1D %G6) 011 ISPPO PEBNIPY (19 94G6) O1FISPPO S1UBAS 85 BAPY

(9%) N S1USAS 8S BAPE YlIM palliwpe Siusired

swuaned DTOSN 111 3be1S Ajuap|3 pa19asalun Buowre SJUsAT 3SIaAPY SNOLISS J0J SUOISSIWPY [e1ldsoH
€ 9|qel

NIH-PA Author Manuscript NIH-PA Author Manuscript

Lung Cancer. Author manuscript; available in PMC 2014 November 01.



